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1. INTRODUCTION 


The purpose of this document is to specify in detail the functional needs of a myoelectric 
hand in a supportive and educative approach. We prefer to use recyclable and/or recycled 
materials in order to reduce production costs as well as environmental impact. All of the 
project documentation will be freely available under the CC-BY-SA license (see 
https://creativecommons .fr/licences/) in order to ensure autonomy in product manufacturing 
and maintenance. This free license grants all-inclusive R&D property allowing anyone to 
reproduce, improve, modify and re-share manufacturing plans. The,hardware and software 
solution will be published under one of the following licenses: 
https://ohwr.org/project/cernohl 

https://Awww.gnu.org/licenses/gpl-3.0.en.html 
https://tapr.org/the-tapr-open-hardware-license/ 


This hand should allow its user to handle objects with dimensions generally varying between 
the diameter of a 1.5 L water bottle and the size of a cutlery item or a pencil. The thumb can 
take up 2 positions: 


e Opposition: thumb opposed to the index finger 
e Lateral: thumb on the index finger side 


The final purpose is to develop a solution that includes 3 prosthesis types. However, we 
suggest developing it in incremental mode, function by function, aiming for a unique solution. 


The prosthesis can fulfill up to 3 different purposes of prosthetic equipment (yet to be 
confirmed, as we are just describing the “ideal” final product): 


e Social life prosthesis: aesthetic prosthesis thanks to its natural position 

e Myoelectrical prosthesis: electric prosthesis controlled through electrodes placed on 
the forearm 

e Mechanical prosthesis: known as “body-powered” prosthesis, it is mechanically 
controlled by a cable. 


The first increment to be developed was for aesthetics, the purpose of which is to integrate 
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all the functional components of a myoelectrical hand. This module must be removable in 
case of maintenance, while allowing the user to keep his social life prosthesis on. 


The second increment concerns the possibility to use the prosthesis in body-powered mode 
(mechanic mode) when the motorization block is removed. The product is modular and 
evolutive. In case of major conception and/or fabrication problems, the second increment 
might be considered as an option or further evolution. 


CONTEXT: 

Prostheses are expensive. They are also not very visually appealing and quite difficult to 
control. 

The traditional forearm prothesis only allows a single movement: the thumb being opposed 
to two other fingers to use a pair of pliers. 

All new generation prostheses are equipped with an adjustable thumb allowing to grab 
objects in different positions. 

It is impossible to find robust open-source prostheses allowing you to easily adjust the thumb 
and mimicking the human hand morphology. 


2. GENERAL DESCRIPTION 
1.1. Lifelike prosthesis 


The fingers and wrist position are those of a human hand with the arms laying down the 
sides of the upper body in a standing or walking position. The hand is open. The thumb lays 
relaxed on the side. The four fingers don’t touch each other, and they are slightly curved, 
i.e., not extended. It’s a geometric and lifelike hand. 





This hand will allow for the inclusion of motorization as well as the electric system and the 
mechanical parts needed to control finger movement. You will be able to use it in two 
different configurations, with or without its modules: 


e Aesthetic mode without motor block 
e Electric mode with electronic block and motorization 


1.2. Myoelectric Prosthesis: 


The movements of this prosthesis are controlled by electrodes placed on the user’s forearm 
muscles at the socket level (a tailor-made part where the integrated battery and electrodes 
are fitted). Only the thumb, the index finger and the middle finger are motorized. The ring 
and pinky follow the movement of the other fingers. The index and middle finger are 
articulated on a single degree of freedom. As mentioned above, the thumb has a specific 
movement to meet the user’s needs. It is possible to set different degrees of freedom to 
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meet specific movement needs. 


When the hand is resting open on a flat surface and the fingers are stretched out, they have 
a certain elasticity. 


This prosthesis must allow two movements: 


e Thumb in opposition to the index finger: see the picture below 
e Thumb lateral to the finger: see the picture below 





It must ensure the natural “social” resting position of the prosthesis when this is wrapped by 
a protective cover and a glove that resembles skin. 





Resting position 


This myoelectric hand continues to function without the glove or the casing in order to be 
used as working pliers for handiwork. In working pliers mode, it is possible to easily attach 
accessories on the fingers (thumb, index finger, middle finger) or on the palm of the hand. 
This attachment system will enable the use of tools such as: 


a little magnet, to hold screws for example 

a finger extension in order to make a micro pliers to hold a needle or welding rod 
an extension of those 3 fingers to make a vice grip 

a hook 


In workshop mode, it will be possible to clip 3D printed pieces on the fingers to dress the 
inner and outer surface of the hand (palm, back of the hand and phalanges). 


Wrist 





The hand must be easily fixable and removable from the socket with the good hand while 
maintaining the electrical connection. In a forthcoming version, the wrist will be able to rotate 
and block itself in a determined position. 
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Electrical configuration (with motor bloc 





This is the standard usage of the myoelectric hand. The user controls the opening and the 
closing with the electrodes placed on his forearm. The user is able to ensure a first level of 
maintenance autonomously. The cosmetic glove is removable in order to be able to proceed 
to the maintenance operations. 


Cosmetic configuration (without motor bloc) 


To compensate the motor bloc’s weight, it is possible to fix a similar weight to the hand with 
the same mechanical interfaces than the ones on the motor bloc. This option enables the 
user to keep the same weight in different configurations: for cosmetic purposes, without the 
additional weight (lighter for the user) or with the compensational weight for the removal of 
the motor bloc. In a removed motor block setting, the fingers have to be in a natural position 
as previously indicated. The fingers must show some elasticity. 


2.3 Body powered mechanical prosthetic 


This prosthesis is a mechanism built to control the hand movements by means of the 
harness resting on the opposite shoulder. In this case, the system is purely mechanical and 
does not need any power supply (no motor, no captor). 


The hand is controlled with shoulder movements, which allows the hand to open or close 
itself with a wire linked to the harness. 
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Figure 8 harness 






Scapula anchor 
(ball and socket) 





Triceps cuff 





a Terminal device (TD) 





This mechanism is completely interchangeable with the myoelectric hand’s motor bloc. The 
sturdy design includes a passive rotating mechanical system for the thumb which offers 
several positions: 


- Opposition (in opposition compared to the index finger) 
- Lateral (positioned sideways to the index finger) 


- Neutral (thumb slightly tucked in the hand, giving it a resting appearance) 
The hand can be used in a voluntary open (VO) or voluntary closed (VC) configuration. 


In the case of a VC configuration (which requires the shoulder movement to activate the 
closure movement of the hand), the user must be able to relax his shoulder while keeping 
his hand in a closed posture. The user can lock/unlock his hand in a closed posture by 
activating a manual locking tool with his other hand. 


In the case of a VO configuration (hand closed at rest which requires the shoulder 
movement to activate the opening of the hand), an equivalent locking device enables the 
hand to be held in a naturally open position. 


The user will be able to select the desired default mode, either VO or VC. This selection 
mechanism must not have an incidence on the aesthetic of the hand. The cable is equipped 
with a tension and stroke length adjustment system, which must be stable over time (4 
weeks). 

3. LIMITATIONS 

3.1 Design 


The hand morphology (shapes) corresponds to the hand of an adult man or woman. There 
are 2 hand sizes adapted according to morphology: 


e S size: adapted to a teenager or an adult woman morphology. 
e Msize: adapted to an adult man morphology. 
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In a resting position, the hand seems real and relaxed (see as indicated in the previous 
description). 


The solution is based on the use and the implementation of a single electric motor which 
ensure every functions. This motorization block is dismountable. 


To screw and unscrew removable attachments, we favor FHC Allen screw types of 2 or 3 
mm to ensure the compatibility with the screws of the socket fitting. 


3.2 Resistance 


After a fall from a height of one meter on a hard floor (cement for example), the hand should 
continue to work fully. 


3.3 Prehensility 


3.3.1. Prehensility strength 
Thumb opposition position: 0 to 100N minimum 


Lateral thumb position: 0 to 6ON minimum 


3.3.2. Contact detection 
The thumb is equipped with a contact sensor which generates a signal to inform the user of 
the taking of an object: 
e A brief impulse generation on the arm when the first contact with the object is made. 
e One or more impulse generations, different from the first one, to notify the loss of 
contact when the object is released. 


The user must be able to activate/deactivate the function. 


3.4 Amplitude and speed of movements 


In a thumb opposition position, the maximum opening between the tip of the thumb and the 
tip of the index is of 10cm. When closed, the fingers can link together in order to grasp small 
objects such as a pencil. 


In a lateral thumb position, the maximum opening between the thumb and the side of the 
index is of 2.5cm, allowing the hand to grasp objects (book, smartphone, credit card, 
documents...). When closed, the thumb is in contact with the phalanx, allowing the hand to 
grasp small objects. 


In an opposition or lateral position, speed is proportional to muscular contraction. In the case 
of a strong contraction relevant to the fastest closure of the hand, the time limit between the 
detection of the muscle contraction and the complete closure of the fingers must not exceed 
0.5 second. We accept a proportional speed which can differ from 0 to 350 mm/sec 
(measured speed at the fingertips). 


3.5 Weight limit 


The hand’s total weight under myoelectric settings (mechanism, electronic components, 
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glove, wrist): 


e M<size: less than 500 grams 
e Ssize: less than 350 grams (a maximum of 400g is tolerated) 


The hand’s empty weight (social life prosthesis mode): less than 300g 
The weight constraints for the body-powered model are identical. 
3.6 Sound level 
The sound level of the working hand must not overtake the Ottobock Sensor Speed one so 
that the atmosphere in a quiet room is not disturbed. 
The following measurements were taken with an iPhone SE resting horizontally on a stand, 
the hand being held 2cm away: 
With the Sonomeétre app: 


Michaelangelo 71 dB A max 
Sensor Speed 61 dB A max 


With the Decibel X app 


Michaelangelo 74,8 dB A max 
Sensor Speed 67.8 dB A max 


3.7 Protection index (dust, water, high-pressure) 


An IP 67 level (dust and water immersion at less than a 1 meter depth for 30 min maximum) 
is required with a glove and case. 


For the COVVI hand, the gloveless and shieldless prosthesis, a level of at least IP44 is 
required (crimper/handiwork mode). 


IK protection index (against impact) is still to be defined 
3.8 Environmental conditions 
Working temperature between -10 and +60°C 
Humidity: TBD 
3.9 Electromagnetic environment 


Hand movements must not be disturbed by the electromagnetic environment. Any untimely 
movement not controlled by the user must be avoided. 


The table below mentions the features of the shielded twinned pairs 


Gauge 24 --> 3.70mm 
Gauge 22 --> 4.10mm 
Gauge 20 --> 4.50mm 
Gauge 18 --> 5.10mm 
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e Gauge 16 --> 5.70mm 
e Gauge 14 --> 6.60mm 
e Gauge 12 --> 8.56mm 


4. INTERFACE 


The hand is attached to the socket by a junction located on the wrist which handles the 
mechanical, electrical and functional interfaces such as described below. 


4.1 Mechanical interface 
The hand is attached to the socket either by: 


Screws: It is better to opt for a solution in which it is not necessary to take off the 
prosthesis with an easy access to the attachment system of the hand on its fitting 
bell. 


A regular wrist disconnector 


A designed wrist disconnector: The hand can be attached to the fitting bell and can 
be removed from it by the other hand (with only one hand). The hand can rotate in 
the axis of the forearm by more or less than 90° compared to the natural position, by 
graduations of 5 degrees each. The total length of the equipment, including 
attachment and settings, shall not be longer than 2.5cm. The wrist shall keep an 
esthetic design similar to a human wrist (oval shape). The system shall withstand a 
breakout force of 150N in the axis of the arm when it is vertical. The system shall 
withstand a sheer force of 100N perpendicularly to the axis of the arm when it is 
horizontal. 


In the case of any technical issues, this can be developed within a subsequent 
increment. 


4.2 Electrical interface and power supply 


The wrist handles the connection between the engine block and the source of energy 
located in the socket (electrodes and battery). 


A 7.2V 1000mAh rechargeable battery is the minimum required. 13650 batteries cannot be 
used (too bulky). The use of rectangular batteries is recommended (less bulky). The battery 
is interchangeable (the external charger can be supplied by a USB cable). 


Otherwise, it will also be possible to take it with you in the socket with a built-in charger in it. 
Connections will be micro-USB type, type C or Apple, depending on the user needs. The 
USB base model will be adapted to suit user needs. An indicator shows the full charge and 
the battery level when it reaches 10 percent of DOD (Degree of Discharge) TBC. 


4.3 Functional interface 


The hand is controlled via one or two electrodes - electromyography sensors (EMG) - placed 
on the user’s forearm. The electrodes location is configured by a medical team composed of 
an orthopedic technician, an occupational therapist and a physiotherapist. By contracting the 
forearm extensor or flexor muscle, the user can close or open their hand. The user has one 
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sensor to open it and another to close it. Consequently, the closing speed and the tightening 
force are proportional to the muscle contraction intensity. When the muscular contraction 
stops, the hand remains in the last position. So, there are contraction, tightening and 
pressure maintenance by relaxing the muscle. There is so no more energy consumption at 
that moment. 


The on/off button is mechanical and allows the user to quickly turn on and off the hand given 
that is easily accessible from the other hand. 


At the switching off, the hand keeps its position (avoiding an involuntary opening or closing). 
There is no time (transmission delay) nor sound at the startup or switching off. 


The hand needs to have an emergency opening system with a reaction time of under 2 
seconds. 


Thumb rotation: switching from lateral mode to opposite and vice versa (SEE PREVIOUS 
PICTURES) 


State diagram to be added to the text (switching from one mode to another) 


SOLUTION 1 
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SOLUTION NUMBER 1: AS THE BASIS FOR DISCUSSIONS WITH THE TEAM 
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SOLUTION 2: TRANSITION NEEDED TO ENTER REST MODE 
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The solution can be done in two different ways: 


2-A: Starting from the Closed Opposition state (CO), the extensor muscle sensor is 
used in long contraction during x seconds to reach the Closed Lateral (CL) passing 
by the 3 other states: OO, LO and then PR in the given order. By contracting the 
sensor placed on the flexor muscle, we start from CL to CO state passing by the 3 
states PR, LO and then OO in the indicated order, maintaining a long contraction. 
2-B: Starting from the Close Opposition state (CO), the extensor muscle sensor is 
used in long contraction until the total hand opening in Opening Opposition (passing 
by the Rest Position RP). Once in opening position, a mechanism goes off to allow 
the closing in Closing Lateral from a flexor muscle sensor order at the next user 
contraction. 


NOTE: In the case of solution 2-A, the sensor of the extensor muscle allows to open 
the hand when the thumb is in opposition and close it when the thumb is in an 
opened lateral position. Whereas in the case of solution 2-B, the sensor of the 
extensor muscle exclusively serves to open the hand regardless of the thumb 
position is and the flexor muscle sensor only serves to close the hand. It is the typical 
way of using the 2-sensor myoelectric prosthesis. 


Open question: did we make a product that allows for both configurations? 
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4.3.1 SOLUTION 2-A 


The table below describes all the transitions of solution 2-A: 


Transition Mechanical Description 
action 


Opening of the hand (thumb in 
opposition) aaa to the 
force of the tightening of the 
muscle. The opening stops at the 
relaxation of the tightening. 
Movement of the thumb is only 
proportional to the force of the 
muscle tightening. The move 
stops with relaxation. 

Closing of the hand (thumb in a 
lateral position) proportionally to 
the contraction force of the 
muscle. The closing stops with 
relaxation. Throughout the 
closing, the hand passes 
momentarily by the Resting 


Closing of the hand (thumb ina 
lateral position) proportionally to 
the contraction force of the 
muscle. The opening stops with 
relaxation. 

Throughout the closing, the hand 
passes momentarily by the 
Resting Position (RP 

Move of the thumb is only 
proportional to the force of the 
muscle tightening. The move 
stops with relaxation. 

Closing of the hand (thumb in an 
opposition position) 
proportionally to the contraction 
force of the muscle. The closing 
stops with relaxation. 





4.3.2 SOLUTION 2B 


Transition Mechanical Description 
action 





opposition eal to the 
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4.3.3. SOLUTION 3 


force of the tightening of the 
muscle. The opening stops with 
relaxation. 

When in a complete open 
opposition position, a mechanical 
system engages itself to allow a 
lateral position change of the 
thumb at the next closing 
command by the flexor muscle. 
Closing of the hand (thumb ina 
lateral position) proportionally to 
the contraction force of the 
muscle. The closing stops with 
relaxation. Throughout the 
closing, the hand passes 
momentarily by the Resting 
Position (RP 

Closing of the hand (thumb ina 


lateral position) proportionally to 

the contraction force of the 

muscle. The opening stops with 

relaxation. 

Throughout the closing, the hand 

passes momentarily by the 
Position (RP 


When in a complete lateral open 
position, the pawl mechanic 
system disarm itself to allow a 
position change of the thumb in 
opposition to the next closing 
command by the flexor muscle. 
Closing of the hand (thumb in an 
opposition position) 
proportionally to the contraction 
force of the muscle. The closing 
stops with relaxation. 
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SOLUTION NUMBER 3: OTHER TRANSITION POSSIBILITY 


OPPOSITION 





POSITION REPOS OO-OF OF-OO 
(ESTHETIQUE) 


ents CLOSED 
OPPOSITION 


~~ Electric orders measured by motorized remotes on muscular sensors 
Ratchet mechanical action using the other hand 





-------» 


| Extensor | Action | Description _— 


OC-OO Opening of the hand (thumb in 
opposition) proportionally to the 
contraction force of the muscle. 
The opening stops with 
relaxation. 

OO-LO When in a complete Open 
Opposition Position, a robotic 
system engages itself to allow a 
lateral position change of the 
thumb at the next closing 
command by the flexor muscle. 

LO-RP The user manually moves the 
thumb to put it in a Rest Position 
by using a spring push-button 
fixed to the thumb (similar to a 
click pen mechanism). 

RP-LO The user manually moves the 
thumb to put it in an Open 
Lateral Position by using a spring 
push-button fixed to the thumb 
(similar to a_ click pen 
mechanism). 


LO-LC Closing of the hand (thumb in a 
lateral position) proportionally to 
the contraction force of the 
muscle. The closing stops with 
relaxation. 

Closing of the hand (thumb in a 
lateral position) proportionally to 
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the contraction force of the 
muscle. The opening stops with 
relaxation. 


The user manually moves the 
thumb to put it in a Rest Position 
by using a spring push-button 
fixed to the thumb (similar to a 
click pen mechanism). 

The user manually moves the 
thumb to put it in an Open 
Lateral Position by using a spring 
push-button fixed to the thumb 


(similar to a_ click pen 
mechanism). 


When in a complete Open 
Lateral Position, the pawl 
mechanism disarms itself to 
allow a position change of the 
thumb in opposition to the next 
closing command by the flexor 
muscle. 

Closing of the hand (thumb in an 
opposition position) 
proportionally to the contraction 
force of the muscle. The closing 
stops with relaxation. 





Note: Similar to solution 2-B, we can imagine a “classic” control system for a myoelectric 
prosthesis (extensor = opening, flexor = closing), or in the opposite order, as described in 
solution 2-A. 
5. LIFE CYCLE 

5.1 Application 
Installation of the battery in its slot located in the fitting socket, toggling of power with the 
switch (no beeping or light indicator), then scratch both sensors with a finger to check that 
they work. Turn off the hand after trial. It is assumed that the hand is already attached to the 
socket. The prosthesis is put into place on the forearm and the power is restored to the 
hand. 

5.2 Standard use 
5.2.1 Disassembly of the hand (junction with the fitting socket) 
To write later 


5.2.2 | Reassembly of the hand (junction with the fitting socket) 


To write later 
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5.2.3. Disassembly of the cylinder block 

To write later 

5.2.4 Reassembly of the cylinder block 

To write later 

5.2.5 Assembly and disassembly of the counterweight 
To write later 

5.2.6 Rotation range of the wrist 


To write later 


6. References 


This section gives a non-exhaustive list of references that can help creators find answers to 
user requests: 


Creative Commons: 


https://creativecommons.fr/licences/ 


DIFFERENT TYPES OF PROSTHETIC HANDS 
Electric, functional and aesthetic prostheses 


https://www.acmto-orthopedie.fr/protheses/prothese-de-main-esthetique-myo-electrique/ 
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ROBOTIC PROSTHESES 
Body-powered prosthesis: 


https://www.youtube.com/watch?v=E_tRXuZniv4 


NO-NF Body-powered: 
https://www.sralab.org/center-bionic-medicine/novel-body-powered-prosthesis 
https://www.rehab.research.va.gov/jour/2015/521/absjrrd-2014-03-0087.html 
https://www.rehab.research.va.gov/jour/2015/521/pdf/jrrd-2014-03-0087.pdf 
https:/Awww.youtube.com/watch?v=lidjGladzkw 
https://Awww.youtube.com/watch?v=OiSsaEtJ3pl 


Locking system: 


https://www.trsprosthetics.com/product/sure-lok-cable-system/ 


MYOELECTRIC PROSTHESES 
Traditional myoeletric hand prostheses: 


https://professionals.ottobock.com.au/Products/Prosthetics/Prosthetics-Upper-Limb/Adult-Te 
rminal-Devices/8E38-6-DMC-plus-system-electric-hand/p/8E38~56 


Electrode is the term used in orthopedics to designate a muscular sensor; an electrical 
component able to detect muscle activity. It is called an electromyographic sensor. 


Description of the engine specifications of the Michelangelo hand: 


https:/Awww.mdp.fr/actualites/prothese-de-main-michelangelo-un-mecanisme-de-prehension 
-maitrise-par-des-moteurs-maxon.html 


Work prostheses: 
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https://Awww.ottobock.fr/protheses/produits-a-z/membre-superieur/mains/axonhook.html 





https:/Awww.ottobock.fr/protheses/produits-a-z/membre-superieur/mains/dmc-variplus.html 





Protection index (COVVI hand) 


https://www.linkedin.com/feed/update/urn:li:activity:6639142183771348992/ 


MyHand 


https:/Awww.researchgate.net/publication/303890736_ The SSSA-MyHand_A_ Dexterous_Li 
ghtweight_Myoelectric_ Hand Prosthesis 


Michelangelo 1 engine (2018) 


https://patents.google.com/patent/DE102018100173A1/de 


